The synaptosomal fractions obtained from the motor area of the cerebral cortex of normocapnic, normoxic, or hypoxic, untreated beagle dogs and of pentobarbital (Nembutal®)-or cytidine diphosphate (CDP)-choline treated dogs were incubated and analyzed for ATP, ADP, AMP, creatine phos phate, pyruvate, and lactate. The data were compared with data obtained by the surface freezing technique from the whole contralateral cortical area. The in vivo intracarotid perfusion of the drug differentially affected the content of the metabolites and their ratio. This occurred whether the evaluations were performed in the incubated synaptosomal preparations or in whole cerebral tissue, both during normoxia and after hypoxia (15 min; Pao2 = 17-19 mm Hg).
Barbiturate actions on brain metabolism have been widely studied in comparison with other com monly used general anesthetics and hypnotics (Okamoto, 1978) . In clinical experience, barbitu rates may improve neurological restitution after ce rebral damage such as ischemia or hypoxia.
It has been shown that phenobarbital treatment reduces the cerebral oxygen utilization rate by about 50% (Nilsson and Siesjo, 1975) and local CBF by between 30 and 65% (Abdul-Rahman et aI., 1979) in studies using conscious rats. It has also been shown that mitochondrial malate dehydrogenase activity decreases in normal rats after treatment with phenobarbital (Benzi et aI., 1979) . Further more, delayed depletion of energy reserves (Nordstrom and Siesjo, 197&1) and extensive re covery of the cerebral cortex concentration of energy phosphates, citric acid cycle intermediates, associated amino acids, and ammonia (after 30 min of complete cerebral ischemia) have been observed (Nordstrom et aI., 197&1) . These events were not affected by type of anesthesia, either nitrous oxide or phenobarbital. However, following 30 min of pronounced incomplete ischemia, cerebral energy metabolism was restored only in animals deeply anesthetized with phenobarbital (Nordstrom et aI., 1978b) , depending also on EEG patterns (Nord-strom and Siesjo, 1978b) . Following ischemia in the monkey, neurological recovery was improved even when thiopental was administered after recircula tion had begun (Bleyaert et aI., 1975 (Bleyaert et aI., , 1977 . Fur thermore, barbiturates have been reported to pro tect dogs and monkeys against focal ischemia (Smith et aI., 1974; Hoff et aI., 1975) .
The protective action exerted by barbiturates against cerebral damage may be ascribed to a spar ing action related to some specific pharmacodynamic properties on cerebral metabolism. This might indi cate that non-anesthetic drugs having some of these pharmacodynamic properties could be potentially useful in the management of cerebral disease. Therefore, we thought it useful to investigate the action of cytidine diphosphate (COP) choline. This substance, whose cerebral synthesis is a limiting step of choline phospholipid metabolism, exhibits several pharmacodynamic characteristics at the ce rebral level that are especially interesting. In fact, from the results of experiments in rabbits on the arousal reaction and evoked muscular discharges in the fore and hind limbs by stimulation of the brain reticular formation, COP-choline is believed to arouse consciousness and intensify activity of the pyramidal system, inducing a facilitatory effect on the pyramidal system and an inhibitory effect on the extrapyramidal system (Yasuhara and Naito, 1974) .
The substance either increases the after-discharges following electric stimulation of the amygdaloid nu cleus and dorsal hippocampus, or drops the stimu lation threshold voltage. COP-choline also drops the threshold voltage for the arousal response to electric stimulation of the posterior part of hypothalamus (Sasaki, 1974) . Furthermore, the substance prevents the modification of central cate cholamine metabolism induced in rats by cranio cervical trauma (whiplash) and suppresses the be havioral disorders noticed in the untreated animals (Boismare et aI., 1977) . On the other hand, COP choline increases the level and the synthesis rate of dopamine and the level of tyrosine in the corpus striatum. It also decreases the levels of serotonin and tryptophan and the synthesis rate of serotonin in the midbrain-hypothalamus and in the brainstem (Martinet et aI., 1979) . When the metabolism of [U-14C] glucose in the brain is expressed as the rela tive radioactivity ratio of the intermediate product of glucose metabolism, COP-choline causes an in crease in the ratio, suggesting facilitation of the glycolytic respiratory system of the brain (Wata nabe et aI., 1969).
J Cereb Blood Flow Metabol, Vol. 2, No. 2, 1982 In this paper, we report studies on the effects of treatment with pentobarbital and COP-choline in normoxia and after 15 min of acute hypoxic hypoxia. We have measured the glycolytic metabo lites (pyruvate, lactate) and energy mediators (ATP, AOP, AMP, creatine phosphate) of the cerebral cortex (motor area) and of the synaptosomes iso lated from the contralateral cortical motor area. The experimental model we have employed is useful for studying the biochemical modifications in these two opposite cortical motor areas of the same animal (beagle dog). Using a surface freezing technique, it is possible to study the actual energy state of the cortical motor area following acute hypoxia, with or without pharmacological treatment. By the post hypoxic incubation of synaptosomes from the con tralateral cortical motor area it is possible to evalu ate the potential damage that synaptosomes "re member" as a consequence of acute hypoxia, with or without pharmacological treatment. Therefore, the first set of data gives an indication of the overall energy level of the motor cortical tissue after hypoxia. The second set provides an evaluation of the specific function of synaptosomes when, after hypoxia, they are incubated in vitro. It must be em phasized that both hypoxia and the pharmacological treatment were performed in vivo. Furthermore, the choice of synaptosomes as the subcellular fraction to be tested stemmed from the well-known role that plasma membrane plays in these nerve-ending par ticles.
METHODS

Animals and Anesthesia
The experiments were carried out on female bea gle dogs aged 1. 5 years and weighing 9. 7 to 13. 4 kg.
The animals were preanesthetized with urethane (0. 4 g/kg, i.p.). Anesthesia was induced and main tained during the surgical procedure with chloralose (20 or 40 mg/kg, i. v.) and with intermittent nitrous oxide inhalation. Ouring the operative procedure and the experiment, the animals were treated with an injection of gallamine triethiodide (2-3 mg/kg, i.v.) to permit unresisted artificial respiration and to maintain a constant Pacoz. The dogs were artifi cially ventilated with air (normocapnic normoxic condition) or with a 95:5 nitrogen-oxygen mixture (normocapnic hypoxic condition).
Urethane, even when used in moderate doses (0. 4 g/kg, i.p.) after preanesthesia, minimizes pain at the surgical incision sites during the actual experi ments. On the other hand, the low dose of chloralose used in one (20 mg/kg, i. v.) or two (20 + 20 mg/kg, i.v.) administrations was meant to cause a stronger analgesia, even though limited to the dura tion of surgical intervention. Moreover, to enhance analgesia, nitrous oxide was used for prompt anesthesia during the first stages and the traumatic steps of the operation. The effects of chloralose and nitrous oxide were checked by EEG. These accu rate anesthetic procedures were required to meet two different orders of practical needs. First, there was the absolute necessity of protecting the animals from any kind of suffering, for ethical reasons and because pain stress would have upset the animals' cerebral biochemical conditions. Second, it was necessary to avoid the use of massive and uncon trolled doses of general anesthetic since during the actual experiments they would have caused well known actions on the biochemical state of the brain (Gatfield et aI., 1966; Granholm et aI., 1968; Wilson, 1969; Krieglstein et aI., 1972; Watanabe and Pas sonneau, 1973) . Comparison of the EEG taken dur ing the preanesthesia with that taken at the end of the operation showed that the action induced by the intravenous administration of chloralose and the intermittent administration of nitrous oxide had been greatly reduced or had disappeared. Under these conditions, the actual experiment (see also Discussion section) could be carried out with no major chloralose-or nitrous oxide-dependent changes in the cerebral energy metabolism while urethane was still exerting its pain-preventing ef fect.
The changes in the energy charge of the brain induced by hypoxemia are magnified by a decrease in arterial blood pressure (Siesjo and Nilsson, 1971; Benzi and Villa, 1976) . Therefore, the experiments were carried out in hypovolemic hypotension (MABP = 55 ± 4 mm Hg). The dogs were slowly bled within 15 min from an arterial femoral cannula into a heparinized bottle connected to a femoral vein, to reinfuse (if necessary) the drained blood into the systemic circulation by means of a peristal tic pump.
Operative Procedure
The procedure (Benzi et aI., 1978) consists of isolating both common carotid arteries while the zygomatic, maxillary, auricolar, and supraorbital vessels are all occluded by ligature or compression.
The animal's head was fixed to a head-holder with the confluence of cerebral venous sinuses approxi mately 10 cm higher than the heart. After bilateral, longitudinal incisions of skin and muscles, two holes were made in the frontal-parietal bones of the skull without damaging the subjacent cortex. A plastic funnel was fitted into each hole, leaving the dura intact beneath them. Both muscle and skin were sutured tightly around the funnels. The fun nels were sealed with rubber stoppers and insulated to prevent untoward ambient heat and pressure ex change. Both femoral arteries were cannulated: one was connected to a physiological pressure trans ducer and the other to the heparinized bottle to withdraw blood from systemic circulation. Electri cal activity of the brain, as portrayed by EEG, was used to determine the degree of anesthesia. The rectal temperature was monitored with a teletherm istor, and intermittent heating was applied to keep the dog's temperature at approximately 37°C. Physiological parameters were recorded using a 12channel recorder (Physioscript EEI2, Schwarzer).
Experimental Plan
After the operative procedure, a period of 30 min was allowed before the hypovolemic hypotension was induced. The MABP of 55 mm Hg was attained within 15 min and then cautious arterial withdrawals or venous reinfusions by the peristaltic pump were made so that the mean blood pressure was held at the specific level ± 4.0 mm Hg for 30 min. If large variations occurred or if a substantial part of the blood had to be reinfused to keep the blood pressure constant, the experiment was discontinued.
During hypovolemic hypotension, the two ex perimental conditions were (1) steady-state period of 30 min during air ventilation (P a oz = 103.8 ± 5.6 mm Hg; P a co2 = 38.6 ± 2.6 mm Hg) at the end of which cerebral samples for control determinations were obtained (normoxic normocapnic dogs), and
(2) steady-state period of 15 min during air ventila tion plus 15 min of acute hypoxia induced by alter ing the inspired oxygen concentration with a 5:95 oxygen-nitrogen mixture in the artificial respirator.
Under this hypoxic condition P a 02 ranged from 17 to 19 mm Hg, while P a co2 ranged from 36 to 40 mm Hg. At the end of the hypoxemic period, cerebral samples for biochemical determinations were ob tained (hypoxic normocapnic dogs). During both conditions (1) and (2), an intracarotid perfusion (via the superior thyroid arteries at a rate of 0.1 ml min-1 kg-I) was performed for 30 min or for 15 min (pre treatment before hypoxia) plus 15 min (treatment during hypoxia), respectively, with saline solution, pentobarbital (Abbott) 5 x 10-3 M, or CDP-choline (Cyanamid) 1 x 10-2 M.
Withdrawal of Cerebral Samples
At the set time, a portion of the motor area of cerebral cortex was removed from the plastic funnel fitted into one side of the skull. The cortical portion of the cerebral tissue was isolated and immersed in a cold solution of 0.32 M sucrose, pH 7.4. The su crose-washed (0.32 M) and weighed tissue was ho mogenized in 0.32 M sucrose for 30 s (precooled Potter-Braun S homogenizer with Teflon pestle, 1000 rev/min) for subsequent synaptosomal preparation. The contralateral portion of the motor area of the brain was frozen in situ by liquid nitrogen and re moved from the plastic funnel fitted into the other side of the skull. This portion of the brain was cut in situ by means of a rotating hollow tube during liquid nitrogen perfusion. The isolated cerebral material was quickly removed with a cooled clamp and then immediately immersed in liquid nitrogen for 10-15 min. The cortical portion of the frozen tissue was isolated and quickly (3-4 s) powdered in a pre cooled automatic apparatus (Microdismembrator, Braun) using frozen 1.23 M perchloric acid. The subsequent steps were carried out in a precooled box at 0-5°C until a neutral, perchlorate-free ex tract was obtained for immediate analysis of metab olites.
Synaptosomal Preparation and Incubation
For the preparation of synaptosomes, the diluted (10% wtlvol) homogenate of the motor area of the cerebral cortex was submitted to fractionation (De Robertis et aI., 1962) at 0-4°C to isolate the crude synaptosomal fraction. Three centrifugations at 900 g were performed to remove nuclei. The crude mi tochondrial fraction was obtained by two centrifu gations at 11 ,500 g for 30 min (Beckman J-21-C supercentrifuge; rotor JA 20). This fraction was subsequently layered on a discontinuous sucrose gradient (l.4, 1.2, 1.0, 0.8 M) and centrifuged for 2 h at 50,000 g (Beckman L5-50 Ultracentrifuge; rotor SW 50.1). The synaptosomal fraction was removed by aspiration and then pelleted at 11,500 g, for 30 min. The quality control of the synaptosomal prepa": rations was checked by evaluating specific enzy- 1982 matic actIVItIes (acetylcholine-esterase, 0.028 ± 0.002; lactate dehydrogenase, 0.416 ± 0.038; malate dehydrogenase, 1.971 ± 0.206 /Lmol min-I mg pro tein-I).
The synaptosomal pellets were washed in Krebs-Henseleit-Hepes (144 mM NaCI, 5 mM KCI; 5 mM NaHC03; 1.3 mM Mg S04; 1 mM Pi; 10 mM Hepes) pH 7.4 buffer and suspended in the same medium. Synaptosomes (approximately 6-8 mg protein/ml) were incubated in this medium plus 10 mM glucose and 2 mM CaCl2 for 10 min at 24°C. At the set time, the reactions were stopped by adding cold perchloric acid at a final concentration of 3.5%. The extracts were neutralized with 3 M K2C03 in 0.5 M triethanolamine base and then used for im mediate analysis of metabolites.
Analytical Techniques
Metabolite concentrations were evaluated in cor tical tissue from one cerebral hemisphere and in synaptosomal preparations from the other. Samples from cortical tissues were deproteinized in HCI methanol at -20°C. For the analytical procedure (Folbergrova et aI., 1972a,b) , the cerebral and synaptosomal extracts were used to evaluate ATP (Lamprecht and Trautschold, 1974) , ADP and AMP (Jaworek et aI., 1974), creatine phosphate (Lam precht et al., 1974) , pyruvate (Czok and Lamprecht, 1974) , and lactate (Gutmann and Wahlefeld, 1974) . The energy charge potential (Atkinson, 1968) was defined in terms of actual concentrations of the adenine nucleotides ([ATP] + 0.5 [ADP])/([ATP]
). In the synaptosomal prepara tions, protein was measured (Lowry et aI., 1951) using bovine serum albumin as the standard. Oxy gen consumption was measured with a Clark-type oxygen electrode (Model 53, Yellow Springs In strument Co., Inc.) at 24°C in the incubation medium containing 10 mM respiratory substrate (i.e., none, glucose, pyruvate, citrate, succinate, glutamate) and 2 mM CaCI2• P a02 and P aC02 were measured using anaerobic samples of blood from the carotid arteries (BMS3-Mk2 Blood Micro System, Radiometer).
Statistical Analysis
For the statistical analysis of the data, the Dun nett's and Student's t tests were applied to the dif ferences in the various instances. 
RESULTS
Effects of Pharmacological Treatment on
Effect of Hypoxia on Metabolite Content Table 1 shows the content of various metabolites both in whole cerebral tissue from the frozen motor area of the cerebral cortex and in synaptosomes isolated from the contralateral area incubated at 24°C for 10 min. The first columns of data show the actual changes induced by hypoxia in the whole tis sue, while the last columns depict what synapto somes "remember" of the hypoxic injury that cannot be reversed during the further incubation in vitro. Hypoxia induced an increase of lactate and pyruvate both in whole tissue and in the incubated synaptosomal pellets. In the latter, the increase was smaller than in whole tissue. Also, the lactate:pyru vate ratio, which was initially much higher in whole tissue, showed a correspondingly small increase in the synaptosomes.
In the cerebral cortex, hypoxia induced a de crease of A TP and an increase of both ADP and AMP, the energy charge potential being appreciably decreased. In contrast, in incubated synaptosomal pellets, hypoxia did not induce changes in ATP and ADP content; only AMP showed a slight increase. In the incubated synaptosomal pellets, the energy charge potential was already lower than in the whole cerebral cortex and also showed a smaller decrease in hypoxia. Similarly, creatine phosphate decrease during hypoxia was much greater in the whole cerebral cortex than in the incubated synap tosomal pellets.
Metabolite Content
Under normoxia, the intracarotid perfusion of pentobarbital failed to modify the ATP, ADP, or AMP content of the whole tissue of the cortical motor area (Table 2) . However, the drug increased the cerebral content of creatine phosphate, consis tent with the decrease of lactate and of the lac tate:pyruvate ratio. Perfusion with CDP-choline had no significant effect (Table 2 ). In the synapto somes, pentobarbital significantly affected all the parameters studied (Table 3 ) . In comparison with the synaptosomal preparations obtained from the motor area of untreated dogs, ATP content was three times higher while AMP content was ap proximately one half, the energy charge potential being, therefore, greater. In addition, pentobarbital increased the synaptosomal content of creatine phosphate, consistent with a lower lactate content. Under normoxia, the intracarotid perfusion of CDP-choline had no significant effect.
Under hypoxia, the intracarotid perfusion of pentobarbital failed to modify the ATP, ADP, AMP, or creatine phosphate content in the cortical motor area (Table 4) , while it decreased both the cerebral content of lactate and the lactate:pyruvate ratio. Treatment with CDP-choline had no significant ef fect. In the synaptosomes, pentobarbital signifi cantly affected the assayed biochemical parameters (Table 5 ) . In particular, as compared with the synaptosomal preparations obtained from the motor area of untreated dogs, ATP content was increased by two and a half times while AMP content was about one and a half times lower. The energy charge potential was therefore much higher, its values being the same as those found in the synaptosomal preparations obtained from pentobarbital-treated, normoxic dogs (Table 3) . Furthermore, pentobarbital perfusion in hypoxic dogs doubled the synap tosomal content of creatine phosphate and caused a 50% decrease in both lactate and pyruvate content. Under hypoxia, the intracarotid perfusion of CDP choline increased the ATP content and decreased the AMP content. CDP-choline perfusion therefore caused both an increase in the overall content of adenine nucleotides and an increase of the energy charge potential. However, the glycolytic metabo lites were generally unchanged.
Oxygen Consumption Rates in Synaptosomes
The rate of oxygen uptake was measured in the suspension of synaptosomes isolated from the motor area of norm oxic and hypoxic dogs (Table 6 ). (Table 7 ) attenuated the changes induced by hypoxia on the respiratory rates measured in synaptosomes incubated with succinate, but did not affect the rates of oxygen uptake with other sub strates (glucose, pyruvate, citrate, and glutamate) .
DISCUSSION
The experiments were performed with animals in hypovolemic hypotension (55 mm Hg), which was the control condition. This degree of hypovolemic hypotension induces a definite biochemical condi- tion that is fairly similar to the basal biochemical condition of the brain (Benzi et al. , 1978) . Differ ences consist of a slight increase in lactate and sig nificant cerebral accumulation of glucose, which can be attributed to the tendency of the brain to be affected by a slight anemic hypoxia. Indeed, if the MABP of artificially ventilated dogs is decreased for a period of about 30 min, there are no significant changes in the tissue concentrations of phospho creatine, ATP, ADP, and AMP in the cerebral cor tex of the motor area until the mean pressure falls to 30 mm Hg (Benzi et aI. , 1978) . These results agree with those showing that, in the rat, an arterial hypotension not extending below 40 mm Hg is not accompanied by any gross alteration in the oxygen ation of the brain (Siesjo and Zwetnow, 1970) . The results are also in accordance with those showing that the cerebral circulation is scarcely, or not at all, decreased at this pressure range (Haggendal and Johansson, 1965; Harper, 1965) . Although the changes in cerebral phosphates occur only at a MABP of 30 mm Hg, there is a continuous increase in the tissue lactate concentration and in the lac tate:pyruvate ratio when the blood pressure is de creased from the normal range (Benzi et al. , 1978) . This conclusion is also supported both by the de rived intracellular changes and by the concomitant extracellular changes (Siesjo and Zwetnow, 1970) . Regarding the usefulness of hypovolemic hypo tension as the control condition, it should be noted that the same degree of hypoxemia (Pa02 of 17 -19 mm Hg for 15 min) in normovolemic and normoten sive dogs induced cerebral modifications much less evident than those induced in the animals under hypovolemic hypotension. This was particularly true for the pool of phosphates and the cerebral energy charge, which remained practically un changed in normotensive, normovolemic animals but were strongly reduced in hypotensive, hypovo lemic animals (Benzi et aI. , 1978) . Therefore, the degree of hypovolemic hypotension used in these experiments does not bring about any marked de rangement of the cerebral biochemical condition per se. However, it sensitizes the brain to sub sequent physiopathological conditions (e. g. , hypoxemia) . This allows the utilization of physio pathological events to a degree (e. g. , Pao2 of 17-19 mm Hg) which, though capable of inducing a sig nificant alteration of the energy state, can be re versed, and therefore represents a useful model for evaluating the ability of drugs to interfere with the cerebral biochemical derangement. A second problem involves the possible presence under control condition (hypovolemic hypotension) of modifications induced by the administration of chloralose or nitrous oxide. The question concerns not so much the nitrous oxide, which, due to its kinetic characteristics, exits the cerebral compart ment in the interval between its administration and the actual experiment, rather, it concerns chlora lose, the disappearance of the cerebral biochemical action of which was ascertained by EEG before the experiment. The effect of chloralose at the cerebral level was basically evidenced by glu cose accumulation and reduced concentrations of glucose-6-phosphate, glycerol-3-phosphate, and lactate, as well as by the cytoplasmic redox state.
To the contrary, the degree of hypovolemic hypotension used in the present study exerted an action opposite that of the chloralose anesthesia in . at least four of five parameters, i. e. , the cerebral concentrations of glucose-6-phosphate, glycerol-3phosphate, lactate, and cytoplasmic redox state (Benzi et aI. , 1978) . No considerations are made with regard to the intraperitoneal urethane used after the preanesthesia in all the animals studied. Because of its characteristics, the low dose of urethane used was regarded as indispensable for minimizing pain at surgical incision sites during the actual experiments.
A third problem concerns the reliability and re producibility of the experimental model used. Though no measurements were made directly of ce rebral tissue oxygen partial pressure, Pao2 at the internal carotid was maintained strictly constant between 17 and 19 mm Hg. On the other hand, EEG was used to assess both the level of anesthesia and the intensity of depression induced by severe hypoxia combined with hypotension. The data con cerning the hypoxic animals were obtained when the electrocortical activity had been totally extin guished during the last 5 min of hypoxic hypoxia. In these conditions there was a marked deterioration in the cortical energy state and a highly significant increase in tissue content of total as well as indi vidual free fatty acids (Gardiner et aI. , 1981) .
In this paper, the effects of hypoxia on the whole tissue from the motor area of cerebral cortex (of beagle dogs in hypovolemic hypotension, MABP = 55 ± 4 mm Hg) have been compared with the effects on the same parameters in synaptosomal pellets from the contralateral area. In the former case, the approach identified the actual metabolic changes induced by hypoxia itself, while in the latter case, the approach identified what synaptosomes "re membered" from the hypoxic damage. This could not be reversed during the 10 min of incubation at 24°C. In normoxia, in respect to the contralateral whole tissue, synaptosomes exhibit a lower lactate: pyruvate ratio, lower energy charge potential, and dif ferent ATP:ADP:AMP ratios. Furthermore, after 15 min of hypoxemia (Pao2 = 17-19 mm Hg) , the re sults indicate that, in respect to the contralateral whole tissue, synaptosomes exhibit a much smaller increase of lactate: pyruvate ratio, a lower decrease of creatine phosphate content, no changes in ATP and ADP content, and a much smaller increase in AMP content.
Synaptosomes isolated from the motor area of dogs subjected to acute hypoxia exhibited slower rates of oxygen uptake with the various respiratory substrates than did synaptosomes from the motor area of normoxic dogs. Possible damage to the mi tochondrial membrane is indicated by the empirical observation that the oxidation of succinate (catalyzed by a tightly membrane-bound dehydro genase) is more inhibited than the oxidation of the other substrates, particularly citrate. In line with this idea are the observations that both the energy charge potential and creatine phosphate content tend to decline in synaptosomes of the hypoxic dogs, which expresses a derangement of the mito chondrial electron transport chain function.
Our data confirm the influence of barbiturates on cerebral metabolism, i. e., a tendency to the stabili zation of the energy state and the prevalence of oxidized forms over reduced ones. At any rate, under the normocapnic hypoxia during hypovole mic hypotension, pentobarbital barely affected the metabolic state of the whole tissue of the cortical motor area tested. To the contrary, a protective ac tion on the incubated synaptosomal fraction was evident, either under normoxia or after hypoxia. Furthermore, pentobarbital antagonized the effect of hypoxia on the respiration of synaptosomes in cubated with both endogenous and exogenous sub strates. These data agree with the observation that the respiratory rate was decreased in synaptosomal preparations from starved hypoxic rats. However, the rate was not significantly different from the re spective control values in preparations from hypoxic, pentobarbital-anesthetized animals or from hypoxic, non-anesthetized animals allowed to recover from the hypoxic episode in 60 min of nor moxic conditions (Rafalowska et aI. , 1980a) . In ad dition, calculations of the free energy relationships between the mitochondrial redox reactions and ATP synthesis show that, in synaptosomes isolated from the brains of pentobarbital-anesthetized rats, the first two sites of oxidative phosphorylation were at near-equilibrium. This agrees with results from intact cells and tissues (Rafalowska et aI. , 1980b) . Therefore, the "protective" effect of the barbitu rate at synaptosomal level can be related to some specific pharmacodynamic characteristics, such as (1) lowering the body or brain temperature; (2) in hibiting the sympathetic discharge that O"ccurs dur ing the withdrawal of the cerebral samples; (3) stabilizing the plasma membrane of the nerve end-ing particles; (4) inhibiting the activIty of some enzyme-related energy transduction (e.g., phos phofructokinase, malate dehydrogenase); (5) ac tivating the y-aminobutyric acid(GABA) ergic sys tem. These pharmacological properties account for the cerebral sparing action, which is shown by the effect of pentobarbital on what the synaptosomes "remember" of the hypoxic damage. The anes thetic effect can be regarded as at least partially in dependent from the pharmacological mechanisms described above. For example, with phenobarbital or althesin (Benzi et aI., 1979 (Benzi et aI., , 1980 , anesthesia is no longer present at times when an interference with several cerebral enzymatic activities (related to energy transduction or redox state) can be demon strated.
It is therefore reasonable to investigate the effect of substances that are devoid of anesthetic action but that exhibit pharmacodynamic characteristics somewhat similar to those of barbiturates. The ex ogenous treatment with CDP-choline (the synthesis of which is a limiting step in choline phospholipid metabolism) exerts a protective action on the cere bral membrane phospholipids under total acute ischemia (Arienti et aI., 1979; Horrocks et aI., 1981; Trovarelli et aI., 1981) , and on brain ribonucleic acid, protein, and phospholipid synthesis under intermittent normobaric hypoxia (Alberghina et aI., 1981; Serra et aI., 1981) . In addition, the exogenous administration of this substance affects several cerebral enzymes (i.e., ATPase, cytochrome oxidase) involved in energy transduction (Rigoulet et aI., 1979; Villa et aI., 1982) . In our experimental model of normocapnic hypoxia, CDP-choline did not mod ify the actual metabolic state of the whole tissue of the cortical motor area, which is barely affected even by pentobarbital itself. To the contrary, the intracarotid perfusion with CDP-choline increased the synaptosomal phosphorylation state in hypoxic dogs. CDP-choline reveals this protective action on the incubated synaptosomal fraction only after hy poxia, whereas it was ineffective during normoxia. From a practical point of view, this particular behavior differentiates CDP-choline from barbitu rate, which also exerts its action at the synapto somal level under normoxia. The possible interfer ence of CDP-choline with mitochondrial membranes is supported by the fact that the decrease of the oxidation of succinate was partially inhibited by the drug. In fact, succinate oxidation is catalyzed by the tightly membrane-bound succinate dehydroge nase. With regard to all biochemical parameters J Cereb Blood Flow Metabol. Vol. 2. No.2. 1982 tested in this investigation, the activity of CDP choline on the synaptosomal fraction was lower than that of pentobarbital. However, the lack of anesthetic effect of CDP-choline demonstrates that the sparing action at the cerebral level is (though only partially) obtained independently from the anesthetic effect.
